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[Claim 1] An ink set comprising a plurality of inks 
different in hues, wherein the plurality of inks includes 
a black ink containing a coloring agent that is a dye 
having: a Xmax of 500 run to 700 nm; a half value width of 
100 nm or more in an absorption spectrum of a dilute 
solution normalized to an absorbance of 1.0; and a forced 
fading rate constant of 5.0X10" 2 [hour" 1 ] or less, in which 
the forced fading rate constant is decided by dissolving 
and/or dispersing the dye in an aqueous medium to form an 
ink composition for ink jet recording, printing the ink 
composition on a reflection type medium, thereafter 
measuring a reflection density through a Status A filter, 
specifying one point having a reflection density (D B ) in 
an yellow region of 0.^90 to 1.10 as an initial density of 
the ink, forcedly fading the printed matter by use of an 
ozone fading tester that can regularly generate 5 ppm of 
ozone, and determining the time taken until the reflection 
density reaches 80% of the initial density. 
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T/^/WsJ^T y — /ux/uyj =. /umzte. g^S^^rT-ST 7v=¥/Wo J;l>*T y — /w^ 
XZfTV — LTf4. -?:fb^:tL^ f-/^/W7^=/Hfcj;i;7x = 

[0 0 5 8] 

^f/l/7/l/7 7*l'/VSfe<J:U ! v ! - (2-b Ka^i/oi^/W) ^/u-7 7 ' c E--i'^S^-a-*tL 
[0 0 5 9] 

— flSit (1) % (2) *5j;t>* (3) (cov^Tl^BJi-^o 

— ^ (i) tcfcv^-c, a, b, cf4, ^tt^en^5ib-r, w&znx^^x-b x^^mm 

i/m ^tcnm^ivxi^xhx^mmmm (a, cfii^oitmM ; Bfe2m<Dmm 
nm &mi~o ^mm^mk^xi^^^m^-r^^u^m^hiff^^k^x^, m 40 

75=#^* fr(4{til<73limm^^ Lt^T^i^o 

mmrnt \^x\-±rv~^Tym^tz.\-tmm^rymx^^xh^\ 

£/c, A, B s C<D'pt£< t t>-o(4 N »*U<f4^^7:-fc5 0 
[0 0 6 0] 

cro^u^iisa^ tib-^ (4) -e^^ns^w^^meMig^m^ 

feff^tl^o CtiK TfS-^ (4) T^$tL57?#^M6M1g^S^fo5^f± 
, -j&5£ (1) f4-^5t (2) (C+@^i-S 0 
[0 0 6 1 ] 

Ut8] 50 
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Hft3£ (4) 

G 6 
[0 0 6 2] 

— flxSt (4) tC&V^T. Bi fe.fctfB 2 (3. #* = CRi -feit;-CR 2 = £ 

fcSv^i^i**^— Jj^mmm*. teW=CR x -^fcfi-CR 2 = £5? 10 

m #* = CR 1 — C R 2 =«r*-t-t><Z>tf*J:t>#*LV\ 

R s .Re tt. 7lcjfcJDK^- % Jjgj»»j2S % Tv'yvS, 

v\ R e .Re X-m$tiZ>ft& U^lftSli, zkfffH^. Jl&/Ifr££. ^Sr#0eS, 3ft£ 

£ L< ttTk&JB^, ^#2£S. iiiS, T/u^/v*fefiTy— /u^/WJh=/v 

SrWU^TfeSi\ liU Re, R e^ra^TkSfJB^-CifeSr. £fc±ftv\ 
[0 0 6 3] 20 

c r x . r 2 t±. #^3*iEbT. Tk*^. ^nyyiif, mmmm. ^mm. 

W3i8R£. ^7/Ss #/w#^>/i^. #/w-^-f 7/i'3^V*/i'#=/i/S > ry 

7'J-A'^i/S, l^*v'S > v^y/^^^S, 7->/VtJrVS > 

7^;ys (7^/u7 5ys, rv-^r^/m, mmmr ^ ; m&*Sts>) . 7W5 

/S, l^f KS, ^77^^75/1, 7/l'=>^v'*/^-/l'75yS, 7U-/1/ 
t^f->*/i/5X=/i/7^;S, 7/u^^t t < (i7 y -^/ut|n=/1/7 5 /S, ftMM*^ 
*=^T$;«, =ho36, T/u^/U/Xl^T y -/wf^S. T/i^/v&LN* 
7U-/M/i'*-;i'I 1 1*3Rat^/n^=/wS» T/v^/uxt/TU— /w*/u:7-f ft 30 

fi^/U7^=/H, ^^77^^ *fc.f4;*/V3fc2£4r*U #Sf455^Sift$ix-C 

[0 0 6 4] 

~>£. T/l^ 7^-/^^ T^/W^v'S. **at^-*^S» 757S ( 

7y-^75/S, Iil757S^tf) . 7^75/S, £ U- 
-f KS, ^77^^75/1, 7/^^v'*^;U75yl, 7!)-^*^ 
#^7?/S, T/v^/w&^T y -/vftS, Sfctt&lRai^&j&sfr* b< . JEt-# 
£U< fiTkJfcJDK^ ^ny^JS^f-, 7/W^/H, t Ko^i/S, T/i^^S. T U — /> 
^=ar->S. 7->/m->S, 7 5/ S (7/W^7 5 7S, 7y-/l/7^1« iif7 40 

[0 0 6 5] 

Rx . R 2 -C«£*t5$f*LvMtgU£Wu zkfifJl^-. ^oy^f. T 

Rx <bR e , fcSVMtRa iR 6 ^te-g-U"C5^S6*SII«r^UTt>SV\ A 
.Rx . R 2 . R s .Re . Gt?*$tt5*«*a£^35lc«*a6*Wi-5»'g'0 
t*Si:Utll, -kfEG. Rx . R 2 fcti&2£3^gff 5 £ 5. £fc. 

A, Rx . R 2 .Re .Re . G ±.<D\,^-Tti,fr<DtiLW.\^W&:&h h\Z.y(ir 50 
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[0 0 6 6] 

H^B^SSr^TUXV^t^^^ f-CtTIE— «*5£ (a) 2»b (e) -^^5^7* 

n = i©it©-^ (1) tt-jRs*; (3) (^^tsrii^j:^ 

o 

10 0 6 7] 
[fc9] 




[0 0 6 8] 

Jbf5— (a) frb (e) {Cjo^T. R 9 ^^R 17 fi, — (2) l^*5»tSG. R 40 
[0 0 6 9] 

*3S9!fc:*5^-C, «Krlc#*LvM*i£tt. TIE— &£; (5) tt^^S t®ffc5„ 
[0 0 7 0] 

[ibio] 
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H»5C(5) 




[00 7 1] 

5£f, Z x fi^* y h©I«ta p flirt* 0. 2 0 #±©*T-!R 9 1 Z x 
fit, opl««0. 3 OWJb©« J f-!R5H4ST?fe5©^0*U< . 0. 4 5 &.±(DW.*W. 
3H4SasHtc«F*U<, 0. 6 0«±Wi^P^?lttl^^i:^S Lv^v 1. 0£ig;t& 

-haS. V7/S, ^i(t^l~2 O^T/l^/W^/U*-/!^ 

6~2 o©7 y — jv^jv-^-j^m. ^m^c i ~2 oo^/w^/f/ni^it 1 — 20 

[0 0 7 2] 

Rn. ,R 2 ,R S ,R© fi, — flx5£ (2) £EI&T?*>5 0 R 3 , R 4 tt x # 

fcmrn.?-. mmmm. ^mm. mmmm. r^^m, 7/^^^>^^=-/^ 

/i^S, ^^fi^/w^r^-r/^Sr^i-o ^-et. Tkjftis^ ^^s, ^mM. 7->;u 

7/^;H) l< fi7 y -^/v*=/n^»s l< , TkitjjiHK mmmm 

[0 0 7 3] 

m*mirz>M&. mmMmt^xte. — (2) -et&^ ufcitm*, g, r ^ , r 2 

y b 1U fi-< ^if >-mmfc<Dfcfc * fc f± f^-f^SoB TEMm {cf^-f 5 fc 

1 9 3 5^L. P. Hammett £ "9 H"! £ tLfcMllJ-Cfc -5 ^ x ~ *U±4- 

Dean UK TLange' s Handbook of Chemistry 
12 Kg, 1 9 7 9^ (Mc Graw-Hill)^ Ut¥<Dffim ±if IJ % 12 2^ 9 

6~io3i, 1979^ mytm tnti\ m. *mw\^te^x%rw.mm&^* y b 40 
ot^^ y bm^m^^xm^tz.m^\z^<Dum^^Mx^^^m.Wkm^h^ 

[0 0 7 4] 

^> bWMmiZWo P 1It)*0. 6 0^±<Dm^-^§l'l4S^ LTte, ->77I, = hc 
S, 7^*/t/^^*=/H (mx-lS* y- ^^/U-fc—sum. T V — /Vg (^Jx(J 
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_ ^ -y ho pf^O. 4 5SXJKDm*»M\&&k LTfi, JbfEt^PxTv^/^ (tfiJxfiT 
ir^/^S) , 7/U=f3r->;&/Utf?=A^ (#Jx.f£ K^'V/I^^^/PtJ^/U^) „ T y — /U 

^^7^=yl/) , T^E-Y /I'Ss (#!J;if£, N-xf/l/^/l/77*^;K N, N — 

y hgiS^fa iUtfO. 3 OW-h^m^SI'Mi: JifEfCjjqx., Tis 

jvir^r-y^ (#Jx.fi, T-fe , #A^<*>f (#!l;tf;£, N-^/VTj/w^^/u 

/i^^F-vO , ^oy>-<ft:7 y — /u^^f-v-^ (#Jxf:f, ^7oD7i-;i/t*v') , * 
tbfcry— (0>Jxf£, 2, 4-v>=hP7i-/w 9 o d^^^/u) , asjitf 

^roi dfdx.fi, 2 -^vy^-dr-^yy /k 1 -^^^/u— 2 

a „ fiftj&so. 2 o«_h©«^-R9H43E«)ftfrfi|fc LTfi, JiiEf^nx., ^p^ylf/j: 
if^ff fc*i5. 
[0 0 7 5] 

SufE— #£5£ (3) -x?S$ix5TySfe^i: Ltii:S* L^fi^SO*13^*3-frfi, R s 20 
MOT 6 <t LT£f* L< fi, /jcStJ^, TW^/uS, 7!)-/vS, ^/W* 

*5it;R 8 /6S*fC7(<^^-C*i><5r 

7W5/ltfe^ £fcK#SL<f±7teHJ!jfH\ /Mi^yjgf, 7571, 

a co 5 *), b< fit'^y— /ug£, << 5 /Ug|, ^ yf7y-/^, f7y7y- 
/i^ss, ^y/^y-^fco, $ bKfit^y— /us, yf7^st$> k> , * 
t>#* u< fitr^y— /^-efcSo 30 

Bx feit^B 2 ri*, Wli=CR 1 -, -CR 2 = "T?£> <9 , Ri , R 2 fi 
, b< fiTfcHtH^, An^ygf, V7/I, A^^/f/u£ x # 

;v^>i//vl, fc KDJfi//H 1 7/^^^ T/U='^-->^7/UxK=/uSt?fo«9 , £"bfc 

[0 0 7 6] 

ft, H(ifeTy^<D$?*bV^g^S^£^^-B:fCov>Tf4, l*Wg*S«'>/f < tfc 

[0 0 7 7] 40 

-Ct>«t<, m.ZW2f$.-fZ>tt'f jrXDfrllzns 7>^!)A^^y, T/u^y^JH-r^-v ( 

#J, y^i7^-r^-^, thy^M^y, *y->i>^ty) teJitf***^-^ (#1, ^ 

= 17 A) ^*tt5 0 
[0 0 7 8] 
[351] 
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A— N=N— B — N=N— C 
A B 



(bb-1) 



H0 3 S- 




(bb-2) 



SO3H 

ri- 



HO3S 



CN 



CN 



(bb-3) 



CN 



(bb-4) 



C0 2 H 

H0 2 C ° 



H0 2 C 



CN 



(bb-5) 
HO3S 

(bb-6) 



H0 2 C 



0" -4- 




CN 




XL 



S03H 



NH 



C 

H 3 C CN 

H 3 C CN 
-O-N 

hnC n M 

^cn u SO3H 



*S0 3 H 
H 3 C CN 



SO3H 



HN 
HO3S 

H 3 C CN 




H 
N 

hnc N y\ 

f\ W^ so h 
\=T^S0 3 H 
H 3 C CN 



HN 



-O-H 

^SO.H SO3H 



H 3 C CN 




H 



(bb-7) 
HO,S 



[0 0 8 0] 

[3ft 3] 



f Vn SO3H 

HN> N H 
H0 3 S-£> W 
H 3 C CN 



S03H 



HNI__ ' ^ ^ 
S0 3 H 




10 



20 



30 



40 
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A— N=N— B — N=N— C 
A B C 
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[0 0 8 3] 
1^6] 
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A— N=N— B — N=N— C 
A B C 




(bf-4) 

„ H 3 C v \y 

H 2 0 3 P I 

C 2 H 5 

[0 0 8 4] 

ffjfe-j&i*; (i), (2), (3), (5) t^$ti57^ (a %m isryfc 

fi. #IS2 002-11346 OtCte^O^^i^^T^Sc 
[0 0 8 5] 

Xmax jjS3 5 0 nm /5^5 00 nm [Cfc SS&fSBi^jizStfW ai o — fefft&T^ltfeM 
[0 0 8 6] 

^0jw^7y^-r>^«a^#jf±, ^77^^ (ab) j mmi) <n (a) (ciEgc 

(ObgMSh (1) -CS^tLSa^] £#;i;L<fi, 0. 2~2 0fi%^tU 

<fc9$?l£L<{i, 0. 5~ 1 5ff%^tt5o 
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[0 0 8 7J 

*^^7 5'^'f^M*ij:, ±Mzf7*y?%kW (ab) <D>J?t£< t h lffi^TKtt^ 
[0 0 8 8] 

*&W<nmW7? ( a b ) (# * L- < fiftffE a &**) f*H«6<j{C7K^Xf*zK^ 

^i|s|-cD7K^^^f4 2irfl:%_hT'fo6r U< , J; 9 L < fit 5 fC*%£(_t-e 

[0 0 8 9] 

^©^7-^^ (ab) ^>^< 1 Of i%W±ttLT^5I ^^fS L^ 0 
[0 0 9 0] 

£ t>*rnrc*>5 U fair Ayif^^iwj c-r y^i»^^t5 r <t t> BTfg-efc3 0 

[0 0 9 1] 

t^7 7 7M (ab) sxw-co&m^mtegkm-t l-cwu hyry-z^^yM, 7>h 

7 # y i^Sfelsk r > h 7 1° y K ^&#k xy^f- ^Sfe)|Sh T :/ jfe*!h v-T = ^SfeijSf % * a 
[0 0 9 2] 

*^BJ!{£:fctt5JtfE— $£5£ (M-I) T?*$ft*3|re,aJU:o^TEft§l!-*-<5o 
(1) tC*3V^, A 1 fit 5 ftlilS^^f. . 

^ttafts^b, t^g^s^gtt^s. liti, r^^m. t;^**/* 

[0 0 9 3] 

f^m^. JIb^IS, Tf^^S. &3t3R& ->7/l, X;utf3ci//um, %/U/<*^/um 
s T/i/^^i/^yi/^-yug^ 7U-;utJfv'*/i'*-/H > ^SKSR^-^r^^/u^r^/uS, 

=^>g, 7y/^#yS, yfr/w-^^/i^^v^ 7/w='drv'^;/vjK=/w^-^->'S. 7y 
— /W^^-^/Utf^/l^-drv'^ 7?;l (7/^/U7 5/S, 7!)-/U7;/S, 
m7 5/^^-^tp) , T^jvt % sm, !7KKS, ^r^^;/^ 7/u==* 
S"#yM?=/UT 7 y — jV-%-3r-sl})\>i$=.;VT US« 77U=*-/l';*/U*=^7 5 / 

7!J-/W;utN^7?;I, SII^/v*^7 5;S, - HdS, Tjv^jv^-ir 
1^ 7!)-/Ufti, M^^^-^tM, T/WdF-^^/W*=/u3£ % 7 y — /V^./U*^7US, 
fSt^/U*— 7/V= 3 f-7V^/V7^-/l^S> 7 y — 4 — /US, ^Hf^/l^^ 
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[ 0 0 9 4 J 

— «a; (M-i) (cfc^r, a 1 r* 5 mfemmmzm-t. m&mmo^Tam+ommi 

❖^atasttSEicMiftaesrWu-c^^-ct^vs f-ctTE— (a) (f) 
-caftans tr^y— -r^^y— /ust, -< ytry-/^ f7^7/-^s, 

[0 0 9 5] 
[ft 1 1 ] 



-HS3C(a) (b) 

R 7 R 8 R 10 R 11 




[0 0 9 6] 

JtsB— $£5£ (a) fat, (f) {c^i^t, r 7 a»e> r 2 0 r±— jrs; (m-i) fc&ftSG 1 
, r 1 , r z tm cwmmzmir 0 

—m^. (a) rt>(b (f) ©p*>, $f*bl/^{4— jftS: (a) , (b) ti^Wf?/- 

/uiS, ^yf7y-/vi-efc^ *t>#*Li^<7>fi— AfciS (a) -eatSitxs k 0 7/-^i 

— (M-I) (Cfcl^T. B 1 joctt/B 2 I4^ = CR 1 -fcitJt-GR 2 =^^"T^ 
= CR 1 -, -CR 2 =^*-r^O^J;f9»^bV\ 

r s , R e f4^*b<{4, mmrnrn. ^mmm, mmmm. T^m. t^* 
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JDsHK fegtSRSx Ti//l>m. T /\s * /isX;\s-fc-;um$. titeT }) —/UX /l-fr 

m^nW&£tiX\,^Xi>&t<\ 7c7£U R s fcJ;t^R 6 ^|W)B#{C7K^^-efcSr tints: 

- \\ 

[0 0 9 7J 

y^if, mmmm. ^mm. mmmm. ^rym, */u#*->vua£, %>v^4,vm 

— /u^^^*^jK=/u^-dF->a6x 75/1 (7/UW5;!, 7y-/U75/S > fe$ 
117$ /£&•&&) , ?KKS, ^77^^75;^ T/i-^dr 

& 7!)-/^!, H^m^^-aS, 7^^^*=;vl v 7 y ^x/u*=^S % & 

2£. 7y-/Vt*^S, 7->/^^rv'l, H*at*^">at, 75/S (7/^/V7;7S 20 
, 7y-/l/7$/S, **SIT 5 y *«r-grtf) . 7^/U7$/S, 7WKI> ^^7 7 

^-^r->3£. 7 ? 7 fcf47-y/U7 5 7 Sffe 9 , f 75/1 (»SL< 

fcfc. 7=y;S) , tfcl±7y/P7$7S^fW^Lv\ ##B*£<z>*SS?jRimifiifc 

[0 0 9 8] 

R x , R 2 £ fCSfS UV^t>Of±, 7fc3HJPK-7-» T/V^r/vm. ^o^^m^f-. T^^$ri/jJ 
R 1 i R 5 N fcS^fiR 5 iR 6 LT 5 ^ 6 ig^jf^ Lt t 

m&&m-$-z>w>&<DW&:mb vxn. ±ibg x , r x , r ^wfcB^as^ws*^ 

#38§J!©— fl&5£ (M— I ) 0^^ 7 J<^t^=jsf-efo§^(Cf4, A 1 % R x , R 2 , r s 

, r 6 , g x ^tD^Trc^^iiLm^m^mt^x^h^^^mmTk^m^^-r^^t^ 
zmj a-is<D&\\a-i. 7>^-7A^ty r/w^7 y ^Ji-r^-^ (#k y^^A-r^-^, 

7hy7M^ *y7M^) iS&Xfi&m*?-*-^ =r h77f/W7^-7 
[0 0 9 91 

-1) XT/&a£<a— tea; (m- i a) tc*3ttsm^^^^-efeo-ctj*ii-cfc5 0 
[0 1 0 ol 

I 0 1 0 1 1 so 
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mmmm\^T^^m, m^T/u^/^m. 7/^=^s, m^r^^^m. t/i^^a- 

tl±l~2 OT*fe5r k7!)W& b< , 1~1 6T3b?.riiS$b(:i!ff Li/\ 7?;u*/v 
Si3J:UfS^77/i/^S07 y — /u»^J47ai=/va6*fc»4^-7^-/ua6t?*>5 r. £ /0*# 

^l<. y^~/vmtmKB^^\ mmmm^mKn, t^-^m, ^^m. -ff-^m 

vvuS, -O-vVu^ 2-7x^f/H, t-=/uS. feitfT y/uKtraptf 5i k1PX% 

•So 

[0 10 2] 

3!r#»e3SttTy— /vfi*5J;0««iftTy— /HES:jK*-r5. 7'J-;H[i, 7~=./um&1t 
J46 — 2 Oti)5:i:»iL<, 6~1 6^$^(^t^ 0 

[0 10 3] 

v y/u3E*i«ttJ s 2-7 y^s^-g-^nSo 

[0104] 

#/W<^-f/U^£fi x flMfc#/W-^E-^/ua£tfS-g-£*L.5 0 fifflEg&SCQWCfi, T/I^dr/l^S 
[0105] 

7;u="^v*/i'Ji?=;HHIi, a*T/w=^r'>*/u#=/ua£^ $ 'g-*tb5 0 ifffET/i^ 
^/^^/HtLTfi, ^ifi W 2 ~ 2 0 W7;^ ^ jiff 

[0 10 6] 

ry — /^dr->^/w#^/us^[i x gH7 y fts, fffier 

sw£bv\ ffffEg^cD^j(c«, -r^-^'ttiiTkttS^-g-^tLSo fffiEry-/^^^ 

[0 10 7] 

mummmmxm^mmm^mif^ti^o mmmm^^^^^^mt^x 
«u mmjw.*m& 2 — 20 (Dmmm**->iJ ^-^mmi-^. ia\ BffiEm^^^ijjcfi 

<D7^S^|Ll\ Hfjf5g^lS<^^J^{±, -T^-^tt^lTKttS^*^?), fifff5Tv-/V 
[0 10 8] 
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is/urn, isxxf^ a-^mykftLmfr^frz, ftuSET/i^^v-g^jtcfi, * b*~>m. 

[0 10 9] 

t y — /^iri/mm. wmt y — /v^-^~>s^-a*tb§ 0 ftuter y -/^^v'St it 

[0 110] 

mm.oMmm&mtfbtiZc mmmmm^-^^mtvxi-i, femi%*m>2~2o<Dmm 
m**ci/mt>w$.^\ mmmmmcDma-t, r^^-^m, r/u=>*~>m. ^^.xf^^-y 

[0111] 

[0112] 

[0 113] 
[0 114] 

[0 115] 

T y — /^^^/l^^/M-ar^lCJi, 1^7 y — /^dr^^/^^/V^-dri/^S-g-^ 
mJlET y — /^^^/W^/wr^rv-Ki: UTfi, ^JD^i^ 7 ~ 2 0 <DT V — 

f±, 7x/ ^->*/W#=-/U^-dr^S^^-^tbS 0 
[0116] 

T5/^cfi, Ii7-;ysmti5„ msmmt LTf±7vu3vus, ry-/^^fc 

£ L-Cte, ^m^^C 1-2 0<DT/V3vW7 5 7 £;W3: LV\ ffjfE^mSoWCfi, 

7D-/i'7 5/siif±, i^7y-^7 5 7S^ti5 o iutST y — /v7 5 / mt tt 

7x^7$ /StiJ;tf2-^OB7*=/U75 /B^JtlSo 
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ftufE^mS^i LTte. 7/i^/i-S. ^a^f^m^. *5«tt/-T^-^ 

tfeta/Ktss^^-So 

[0 117] 

mm^gLtf 2~2o ©7->/v7 ^ / mtm * uv\ iiiifeg&sowcte. ^^tfeHTk-ft 

7? / S^-aStt-So 
[0 118] 

KS^tt, smvi^t FS^-a^ns,, Mte^u-r KSib-ni. ^^j^^^i 

*tb5 0 BUf2^ W KStf>#'jl£fi, 3, 3-^f;H)KKS 

[0 119] 

^7 7^^7^;/lim 1^^7r^^7 5/S^t l5o f|fjf5g#lS<DF!j 

^^7 7*^^7 ?;i^t*M 0 

[0 12 0] 

^7-;7S^w*t^ 0 (UTism^s^iKa^ ^^vt&ta7kttS^s*L-5 0 ButeT/u=< 

^-7*/^'=/U7; /S^W-te, ^ h^^/v^/i/7 5 /S/QS-a£*L.5 0 
[0121] 

r y -/i^^-v^/m^^t s smzn. mmr v — j^^t>^=-^r =• / s^-a * 

tL5o ftufBT y — A-T 5 /Si LTfi. ^iJ^iFt^7~2 0©7y- 
/^dr/*/U#=^7^ /St^S Lv\ SfjfB^So^iJfcfi, -r^J->"M7KttS^^-^ 
ix5 0 HUfBT y — /l^-^v^A-fc/VT 5 /S^W-te, 7i/^/*/^^7?/S 

[0122] 

/^/^=/i-t ^/sxt;it7 y -/w*/mwpt ^ /S/0^*tL5 o Hfrfer/i-^r/^ 

^*=^7 ^ SHRIFT V —;U^;U&~/UT^ /mt ttli, femW^Wifc 1~2 0©7 
ykdr/U^/v^^/UT 5: / S&L>*Ml?f JjjC^Crt* 7 — 20 <Z)T y -;U7/l-^=/U7 5 / S/0*£? 
*bV\ HUf5S^S©^^tt x -T^-V'MTkttS^-a^nSo HUffiT/V^r/^/l^*-/UT 
5 /S&t/T y — /l^yU*=yWT ^ / ScO^'Jt-tt. ^^1/^*^7 5 71, N - 7 a. 
— As—* =5->V^)Vfc=- JVT % /S. 7i=/l/7M=/l/7 5;I, *5«fct*3 — */>si?^r-> 
7i=/l/X/l/*n;l/7 5 /S^-a*tlS 0 
[0 12 3] 

xa. mmmmmmxmm<Dmmm&mfbthz> 0 mmmmm^^fr-^T^smti^x 

f±. ^IS^t^ 1-12 ©l#I^/V*=;U7 ; 7 liWS Lt\ wi&m&&<Dm\zii. 
» -T^-^'MTKttS^^nSo IHriEfcJlWlt;*/i'#=/i'TS /S©F(|{cf±, 2-^=/u 
*/UtJw>T 5 / S. 3 - f y ^^/V*=;W7 5 / S^*tb5 0 
[0124] 

T/w^/v^^-S, T y — /i^^-S&ttfg^g&^S^fi, ^tb^g^T/^^r/^^-S, 

Mmry-/^^s/3L^m^^5 : -^-s^^^tL^ 0 «*at*L-cw\ Ftufe^msts-c 
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y^~ju^-^rm. 2 -try v^Jrmt^&tiz. 

[0125J 

t/iwftr y — /^^./uxjs^/u^^-g-^tLSo T/i^/u^/utf^/i^jo 4u<t y — 

10 12 6] 
[0127] 

«If^/i'7 w =/uS(C(4, BlftlS^gt^/u^^ =/v^dS-g-*tL5„ mfi^£LTf4, fifi 
[0128] 

^/W7r^-T/^^f4, e^/u^T-^E-r/v^-g-^ttS, mJf5B^o0iJicf4. 7*^=* 

/Uga^SiXSo HUie^/L'7T^'l'/^S(D0'Ji-(4, V 5 ^ f/V7/U7 7 ; f'f/Hio 4t>*V>- 

(2-fc KD^rVxf/U) 7;V7r ; t4'/vS^*tL5„ 
[01 29] 

*»WIC*JV>T, UV^3ftt4, TIE— #3; (M- I a) 

— jRit (M— I a ) 
[0 13 0] 

[ffci 2] 




[0131] 

3;<K R x , R =\ R s *54t>*R 6 f4-fe^ (M-I) fcPJ«re*>3o 

R 3 *5 4T>*R 4 {4#^®Sl}C7KmJl^-*^{4Sm^^b, &B$t£i4J!gJffi&i£. 3HfcB§ 

m-to f-CtTtc*^. ^#J£3k ft£9lt£, 7'>/H, T/i^/u^/v*^/^ *fcf4 

7y-/u7/^=/us^L< > Tkmm*. 3$mmm. *yt^4«*ala£^#tc^5 : *uv^ 

o 

[0132] 
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5^, f-efc. ^it2~2 0©7;//US, ^If3£2~2 OOT/U^/^drv'tf/l^^A' 
=FcIv ->Tym, ^If 1 ~ 2 O ©7/U=3f-/l'7/^=/Vl, ^ft6~2 0O7 
]} — ^HfC 1 ~ 2 O <^#/W^^/l^£.t)^f|fi&: 1 ~ 2 OO/Ma^yft 

^it 6 ~ 2 O (D7 !/ -/I/7/H^=/Htfc 9 , * 1 t>#*UV>'t>0>ttS'T/£ 
T?fc£>o 10 

ast? ? ^m. n^f-fe^aL trys^at t-y^^yi, tr^s^at, t°yy 20 

0 { f7yMiWttL5, 
10 13 3] 

(M— I a) ■^RMUfc#B*aE©7fc*JBl ; f-f4«»*ix"Ci^-Ct>^v\ &B%££ 

Ltd — assc (m-i) t*^Lfcits, g 1 s r x % r 2 -e^u^s^-r^-vtt 

9 3 5^(CL. P. Ha mme t t (CJ; iJ^l^tLfc^l^IIJ-efoS^, r B < 30 

Ctlf)©tf±#<©-ftft)^f(Cl,atii^tf 5^, ^til J. A. DeanUI 
\ I" L a n g e ' s Handbook of Ch em i s t r yj il 197 
9¥ (Mc Graw-Hill)^ r^off^j i^fij. 12 2f, 96-1031, 

1979^ (m^) (cpuv\ [*u &m&nz3s^x&m&m&^* v hwiftsao 

1U ^ X m 5£ L ic <z> i£IS l^l M * tt 5 1? fc ^> 5 B#IS £- t> "a tp ^ £ v ^ 5 * 

■et>fcv\ sfc. «0^<d— (ia) cd^mh, -<>if v^^tfi^v^'b-aSti 

Wtt*5V>T, o pm&Z.<D£ot£MMX'tiimirZ 0 
[0 1 3 4] 

^'yMftSiSRapt^o. 6 0^±om^®?H4^i Uttt, ->7/I, = hni 
±^/um) s T jv^ic^-b mk.Yi K^^/^^-^^/^^/uS) . 7y- /u 
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*=/M-drv^ (^xfi^fvl^/Vxt^/U^arv^) x /n p y ^fcT/l^/Uf^S (#ijx. 

fc7!) — /Uj£ (tfiJxfcf, 2, 4 — h a :7cc=/K ^<>? ? „ ioit^^ 

fn^ (#>J;Ui. 2 — O'S/a-^Mfj/JJ/K 2— <^>/^T^y/K 1 -7*:=/U*-2- 

apPO. 2 OW-fcO«^K§H4a£<OA{*:^Ji: Ltd, JifB^Px, ^D^ylf/^ 

[0135] 

fulE— (M-I) T**tt5T^Jte^s|.fc LT^ic^ U^«»3E<7>«a^^*W:, R 

s *5j:tfR 6 1 ut»* u< tk*^, r/^/vm. Tv—^m, mmmm. 

B ^fci^B 2 «;*Ve*l=CR 1 -CR 2 =-efe9. R 1 , R 2 £ b < fi 

[0 13 6] 

WK Bute— (m- i ) uv>g^s<^«a^-^^-&icoi>Tfi, 

[0137] 

SuiE— ^ (m-i) -c^&tLSfbg* (7^/^) ©A^JSrWTt-^-f-^x &&m\z 

[0138] 
[3g7] 
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[351 0] 
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SOjNa 

CH3 CH, 40 
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[0 14 4] 
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[0151] 

U «t0«F*b<f4, 0. 5~15fl%tft5„ 
I0152J 

ft<tf4, 2 0 < C<7?7k^2Mfi%^Jz^-r^r t^f 0 50 
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Up -So 

tsr^fyfei ; ^xfiry-y^^'fe^, ^y/w£jt, y □v'T-vfent. 

y / -Mi© ± 5 f yfe$ ; ^7 x=/u^ ^ yfei, h y -7^=.^^ ^yfei, 3- 

m.<DX 5^^o*^^-^-efoo-ct>ct < , $ ^(-(i-^ix^^^tiijtt-^-rs^y ^~ 

[0153] 

B&]<DtMz s 7^ d yT = yfi(li^?|ttS^^ALtim^ 1 . OV (vs 

sce) <£ «5 hgck-tz^ ttmt. lv\ SMwtmt*T?*>3fs^#*L<, i^mte 

#1. IV (v s SCE) J; "9 t> ft"Cfe-5 h<Dfi$£ K> L< , 1. 2V (vs SC 
E) <fc <0 h<D&Mii>fr$. LV\ 

[0 1 5 4 J 

@Hfcf!{4:<Dfii (Eox) fiS^#7j^afc®j^i-^, - i^-e#5o 

P. Delahay^"New InstrumentalMethods 
in Electrochemistry" (1 9 5 4^ Interscienc 
e Publishers f±flj) -^A. J . Bard i^M "Electrochemi 
cal Methods" (l 9 80f JohnWiley & Sonsft 

fj) , mmssi&m "mm.it¥M7£fe" (i 9 8 4^ ^n^mm±w ^ten^tvc^ 

[0155] 

£ixio- 4 ~ixio- s ^jv/ y y r-/M§$? lt, t^^yy^ ^Vu^ >y h y — 
^S^-7D/7 7^-|ri^TSCE (t&fn# D^/^i) fc*J-r-5M<b bTSiJ^i- 

ft*5, m{4£r— ^^(C^i^-r^^, *^BJ-Cf*. 0. lmo 1 dm~ 3 C7)jj|^^^ h7 
. 0 0 1 m o 1 d m~ 3 ) -eiEM^— 7 o — {Cj; <9 L/cfil (v s SCE) 

*ym<Dm\tm®Lk-rz> 0 

[0 15 6] 

IfiT'fcStyyi cDSi^tt T rf 5 tc * „ 7^d->7= 5jc ? I ttS ^ # 

#<7>>R^-efc5^^ y hOt*S£»a pU&m^tlt£. ^/V7>f=/US, ^/>*=/l/S 
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[0 15 7] 

*&9nzm^&—iee& (c-i) (Dit^-mc^^x, mmiznw-pZo 

— M&Z (C-I) Kfc^T, Xx, X 2 , X afccttfX^fi, •fcft-ei'tf&SZfC, -so- 
Z, -SOa-Z, -S0 2 NRxR 2 , ^/W/1n£ x -CONRiR 2 , 3: fete- CO s» 
R^It, ^LtL^^g^CO^T?^. -SO-Z, -S02-Z, -S0 2 NR 1 R 2 
*3«tt>*-CONR x R 2 U< , #JC-SO 2 -ZjoJ;t^-SO 2 N R x R a jW* 

l<, -so 2 -z a**t>#*i^\, ^©S^St^ta !~a 4 ©VNf^L 10 

*tb-etulfii:^±«a©v^-f^oss:*i- 0 Xx, x 2 , x»*5«t^x* 

Sr, WM-S0 2 -Z £-S0 2 NRxR 2 tr-g-A>-ev^Ttj «fcv\ 
[0 15 8] 

t)t<ttit^©v/^p7^;wS, b< (4il*©7^^=^S v M^t>b<{± 

Rx, R s .^v>-fttt>7k*iR J f--e*>5r u< so 

[0159] 

Rx. R 2 fci^Z^gff ftt t< fiiSt©7/i-dr/Hi: LTi±, l ~ 

Sm^^itb-Cte, ^tOZ, Rx, R 2 , Yx, Y 2 . Ys*3«tt/Y 4 *S 

-ctiu^-efoSo 40 

[0 16 0] 

itm ^kE^Z, Rx, R 2 . Yx. Y 2 , Y 3 iBj;t;Y 4 ^ii^Mjtori 
/u3£. ^7/1, 7? K3£, *3J;^/v*y7 5 KS^JN-o^tttri^^S^tt^lpjJb 



o 

[0161] 



50 
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- *SWtCff*UV\ ttgU£<&0!l£ LTtt* tg^OZ, R x% R 2 , Y x> Ya, Y 3 fcW 

S&^TLTv^fc «fcv>. 
[0 16 2] 

Rx. R 2 fcir/Z^ttitt ) L< liit^©77^Ht LTfi, ^MW7 10 
JW»C#*LV\ m&XnMb Utll, t^Z^ Rx, R 2 , Yx. Y 2x Y 8 JoJ;Ot 

S^LT^T^ «fcv\ 
[0 16 3] 

Rx, r z ^xz^z^m-rmmh^<nmmm<DTv-^mti-xn, mmm^m^Q- 
3 0©7y-/nwu\ gm^o^di urn #5zii<Dz x Rx,r 2 ,Yx,y 2 20 

[0 16 4] 

Rx, r *te£xfzfimi-mmmmk b-cfi, 5stfctt6M©fc©TOL<, -en 30 

$k\f\ j^TtcRx, r *&£uizxm£foz>mmmm%:. m.mnm.^^^xmmn^ 
x®m-$-z>&, w.miLW.m&feztiz h<DXtefj:< „ ^d^fit°y v=^-efotLfi, 2^. 3 
{i, 4{iT?g^-r5r.i^pifg-efc5 0 t°y v?^ tT7^>\ t o y5v^ t-y^v^ 
MJ7^y s ^yy>> ^y^yyy, ^t^u^ yy/y^ y^^^ ^/^-y- 
y^, t°o— /k -y^k— /k y^y, ^'/77>, f^y^y, '-o-yf^y 

t*7/- /K 'f^^Z-zK ^yXV?^-/K f-y7y-/K ^-^r-y-y*— /v, ^yX 
tf-^-y-y— /K f7/-/K ^y/f7/-/K ^yf7/-/K ^yX/fyfTy-zu 
, f7v?7y-/K y**ty*-/u, -o-x-y y^-^r-y-y— /k fo y ^y, fc-^yv? 

IWtK, Lv^&^ipj^ctfil^-rs tryi^ br^v. t°y 5 

t-y^^v, f-y7-yy> ^y- /k -r^yy— /k -ox-r$yy— /k ny 

7y-/K f7/-/K ^y/f7/ — /V, ^yf7/-/K ^yX^yfrZ-zK ^ 
fi©Z, R x . R 2s Yx, Y 2 . Y 3 fcj;{;Y 4 ^I|;g^l^or t^m^m 

^■<Dm^mtm^'b(D^mf b*i3 0 uv^^s«Buf2ry— 

[0 16 5] 

Yx, Y 2s Y 3 jo ctt/Y 4 ^n^tL^AltC, TKmil^, ADyyjgf, T/P^/^ 

, y^n7/^/H, 77^=3r/H> 7y-/H, ^Ktgl^ ^7/1, 50 
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57-g, 7->/uT5/g, 7y-/U7$/S, i'MKi, ^r^^^S, 
^/V-f^g, 7!)-/UftS, T/i^3^V*/U7j?=/UT 5 7S, 7yu*>7? Kg, TJA' 

g, 7>*g, r^/u^-^->s> */w^>f/u^df^, i/y^t^^i, 7y-;^-> 

*/u#=/u3£» 7y-/i/^^/i//lf^7 5/S, Kg, ism^^g, ***y 
/ixg, T'v'A'g, 7j/i^3^>/i^g s ^fcfi^/Pztsg^r^tf 3 fi£ btcg^ 

[0 16 6] 

f-Ct. zkSfS^ ^o^y^ T/V^r/Ug, 7y-/H x ^7/1, 7/i/3*->S, 10 
T5 Kg, <7 W Kg, X/i'*^-; Kg, TJ/W^-f/vg, //U7?^;H, 7/1^ 

->7/g, 7j/^=3ri//vg*Jj;T>*^/u^g^^L< , TkSf^^St^* bv> 

o 

[0 16 7] 

Z. Rx, R 2n Yx, Y 2x Yafcit/Y^^M^g^g^^-rSwiTJSpffMTfeg-efe 
[0 16 8] 

^lt£fci~i 2 0i£^*7c{i^^T/u^/ug, £iig»7~-i 8©TOfcltMi7 7 
/V^yUg, £fc3Sgc2~l 2(Ditti^^7cf4^^T/K7--/Vg, 2 ~ 1 2«DjS^^7^ 20 

f*^^T/U^-/Ug, ^m^3~l 2COit^^7c{i^^^^ aT/l^/Vg, ^#H£fc3 
~l 2(DB:i^*7c«^-^->^ d7;^=:;H (i^-hO#gfi^^tr^-r5 W^jf^ 

^±.<D^-m<DM,i^mt LTIi, 0!l;ikEy 5vUg, ^fvl^g, t>l, 
y7°D fcVug, sec-7f;H ( t -7'f-/H > 2 -^fvU^^iTyi^ 
;*./Utf;:=vl^cfvi^ % 3 — 7^7^v'^ 0 o tVL'g, Fy7/Uto^f;^ > P-<^^ 
/^g) , y^ay^JW^ (#J;Ui, HHJDi^) , 7 y — /wg (^Jxtf, 7^-^ 

g, 4 - t -y^juy^-;um. 2, 4-y-t-7?/U7x=;uS) , fi^S WZ. 

il ^?y/y/H, t°7yy;H, hyryy/^g, 2-7y/n, 2-^x=/n, 

2 - 1° y 5 v^/vg, 2 -^y/f7y y /ug) , 30 
[0169] 

~>77g, fc Ko^vvUg, - hag, 7J/W4?^-->g, 75 7g, TyW^r/^^r^g (#J 
;tfc£, y h^ri/m. ^ h^v-g, 2-^ h^v-^h=^->g, 2 - 7- h df- 

v-g) , 7 y — /V^-^r v-g (tfiJxfi, 7x7 3r v-g, 2 - 7 f/U7 * 7 v-g, 4 - t - 
-f^-jV7^S ^v^g, 3— = hP7i;^7S, 3 — t -T^^/^^iy^/W^^-r/I/^^ 
7=^>g, 3-7- h^y7J/W<*^;H) , 7^75 71 (^ij^ltf, 7th7 5 Kg, 
-<^XT5Kg, 4- (3-t-7'f/V-4-t Ko^77x;^r-» 77 5 Kg) 

, 7/^7^/S (#!!;Ui, 7f/V7?/i, 7f/U75/l, -7xf;V7;/S > 7 

^7^7^;yS) , r-yyg (#j;Ui, 7x=/v7?yi, 2-^on7=y/i 
) , 7W KS (#Jx.fi, 7x=/n>W Kl, 7f/V7KKi, N, N-^fvu? 40 

Kg) , ^7 7^^7 5/ 2 (^iJxitf, N, N-77Pt>7;V77*'f/V7? 
7g) , T/V^r/V^-^g (#J;Lk£, y^/W^-^-g. ^ fvloP^g, 2-7i7^yxf 

/^^j-g) , 7y-/ws (^Jx«, y^^/u^-^rm, 2 -y~ b*czs- 5 - t 

^^^=/^^-g, 2 -tf/^^r-yy /U^^-g) x T/Wdr/l-^-^v'7J/^#=/l^T $ 7 
g mz-li. 7- h=^>;(;/M^/V7 5 7g) , 7/^77 5 Kg (MZlt. 7= ^ >^/I^* 
77 5 Kg,. ^Vif7^/^*7T5 Kg, p- h/i^7*/W*^7 5 Kg) , 
[0 17 0] 

%/u/<*r4 sum (fflx-tt, N -^f-sujj ;us<*rs( /um, N, N - ^y=f-;vij;v/<^^ /Wg 

) , ^^T^^^I (#>Jx.f£, N-^fvl^/U^r^-.f/Ug, N, N-v^P fcVUTC/P 
7/ : E-f/l'l > N-7x=/W/U7 7 : E-'f^S) , (#>J;t{i, y^^TC/P/j, 50 
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, MMm^r^i/m (mz.lt. 1 -7x=/Vr ^7^-^- 5 -^^VS, 2-rh7t K 
„ Pf7=W'>l) , 7^S (0lj;lfcf, 7*^Ty*S, 4-/ hdrv-^oi^/WT^g 
, 4 — t°s<u^;UT 3: 7 7x=/U7/S, 2-t H'n^v'-4-7'nyV^^7i=/U7 

ym , T^t^^i (#>j;Ui\ T-tY*^m) , *;i"<*:4^**->m (mz-n:. n 

[0171] 

-> V (#iJxfi\ h y 7 y /M-=^>^, v>7*tvi^ =J-jv^y y /u^-df- 

, 7y-/vt^->*/v#=yV7^1 (#iJ;U4\ 7x7 *^*/vtf=.jvTx /m) , 5: 10 
K3£ (#J;U4\ N-*^>W$ Kg, N-7*/wf $ K3E) > lifftS (#I;tfc?, 
2-^y/f7/!J;VftS, 2, 4-v ; -7x/3rV- 1, 3, 5-F!j7/- /W-6 
-v^S, 2 - fc° y vvl^;^) , ^yl/7^=;l/S (FllxJi, 3-7xy^>7at>x 

*=/vg, 7^=/^^^.^=/^) , T V —^^-^riy^/u^=L/um (#>Jx.fi, 7x/^^> 
77/i^"=/i^) , Ti^/wS (0»J;tfcf, T-feTVi'g, 3 -71-/1/70^7^/^ ^y/ 
-f/>g) , -T^->'l4il7K'f4S (0»J*.ri, 77/utf;>i^g, ^/u*^ *^*/Sfci(;4 

[0172] 

mm— fl£xt (c-i) v^r-istkmtffcm-vtx-jbzm&iu-i, -r^^t 20 

jv^^-iyjvm. *7$/S ( ^TJ^/i^SjW* L< , #k:#/i^=*rvvwS, ;*/i^S 
TJ/i-^^rv'/^, *^*ySfcir/7/^Siit©^n;-ifcottJ:<, ^ 

^A-f^y, tMi^A/fty, 77y>7A^^-» fcit^W^^-^-V (#Jx.W;, TF7 

JrisVkMW£m<Dmt L--Cte, 7^ n->T=y-^^^fi £-^q^-ft< £ ^ 2iftsr 30 

[0173] 

a x~a 4 *±r>*b x ~b 4 fi % ^rtl^tLX x~X 4 *3j;OT 1 ~Y 4 ©Iiii^if 
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'<yy-i'yf7y-/K ^7^77*-/^ 'O-y^r y^^r-y-y— /k fn^-yy 
t°^y-^>\ ^7-yy, ^?yyyyx ^yyyji^ifb^o tttfy-y 
=>r;!Jy, 5^y^^ ^yywiy, tr^y— /k <<%?s— /k -<^y-r 5 
yy— /k hyry— /k y— /k -r ya-^MJ-y— /k -o^y^-^-y-y— 
y— /k ^y/fry-zK ^yf7y-/K ^y/'fyfry-^ j-t^jtv— /k 
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, 7/U^r/H, ^^0 7/^1, 7 7/^/H v 7/^^ftl, jy- 

R 3 1 x R 3 2 , R 3 3 . R 3 5 x R 3 7 , *> i7JtR 3 9 ^S^-t-T/W^/i^S^Wc. t^S 

SHJS^JftiS 1 l 2 ©7/v^r/uS^^S LV\ BiFlEitife&wfllKWu t 
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R 3 X R 3 2 R 3 3 R 3 3 R 3 7 3o ,£ TJ? R 3 9 JO^"^ ^ — /U^C {4 , K&£ 

il^-t^ 7 1 2 07 y UV\ ffflfEg&^Wcfi, T/U 
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{4-r^-vttH7kttS^^-^tb^ 0 gfrfaT/i^/vf^s^Wcte. ^/^^;«oJ;7J^?y^ 
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[0 2 5 8] 
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